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2localized on a single positive tension brane [3]. The main goal of our paper is to demonstrate
once more that extra dimensions are not hidden, and there are nontrivial eects of the
higher-dimensional gravity on the elds trapped to a brane.
This work is devoted to the eect of vacuum polarization near straight cosmic string
imbedded in the brane of a RS2 world. Our investigation was stimulated by
i. the paper [4], in which a globally consistent expression for the linearized gravitational
eld in the Randall-Sundrum background with a matter on the brane is found;
ii. the paper [5], in which the gravitational properties of a straight cosmic string in the
RS2 brane world are investigated;
iii. our paper [6], in which it is shown that perturbative methods can be used in investi-
gation of vacuum polarization in the spacetime of a single string, and in the spacetime of
multiple cosmic strings.
We restrict our consideration by the case of a massless scalar eld, because it is obvious
enough that for the elds of higher spin the result will be the same up to the numerical
coeÆcient.
The paper is organized as follows. We intend to use the method of dimensional regular-
ization. So, in Sec.II, the main results of the paper [4] are extended to the case of RS2 type
world of dimension p + 1 + 1. Then we consider the particular case when p-brane contains
a multidimensional generalization of an \ordinary" straight string. Below we will use the
term string for this co-dimension two object. In Sec. III, we calculate the Euclidean Green's
function for a massless scalar eld on the background under consideration. In Sec. IV, the
method of dimensional regularization is used to obtain the expression for the renormalized
vacuum averaged energy-momentum tensor. In Sec. V, we summarize our results.
In this paper, we use the metric with the signature ( +   +) and the system of units
h = c = 1.
II. GRAVITATIONAL FIELD OF A STRAIGHT COSMIC STRING IN RS2
SPACETIME OF DIMENSION p+ 1+ 1
Let us start by the formulation of a linearized gravity on a p-brane imbedded in a bulk
of dimension p+ 1 + 1. In this section we briey reproduce the main ideas of the paper [4].




























where n = p + 1, g
ab
(a; b = 0; 1; : : : ; n   1; y) is the metric of the bulk space-time, g^






the bulk gravitational constant and the bulk Plank mass correspondingly. We shell denote
coordinates on the p-brane as x

, y is coordinate transverse to the brane.






and  =  4(n  1)k : (2)














3is the solutions for L
matter
= 0.
As it was shown in the paper [4], there is a gauge, in which the position of the 3-brane
remains xed at y = 0 even when matter is present. Proceeding along the same line, let us











































where N and N

are the lapse function and shift vector, respectively.














and   N
2
  1 to be small perturbations.
































 is the traceless part of 
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In the last two equations t

is the energy-momentum tensor of a matter sitting on the brane





Now, it is easy to show that for k > 0 (Randall-Sundrum case) and q
2
> 0 the nal
solution for ~
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In n = p + 1 spacetime dimensions the energy-momentum tensor of a straight innitely























) and  is the energy per unit volume of the string.
4For this particular case the traceless part of the metric on the brane takes the form
~











































































The solution obtained (12) can be written in the form ~






















































is the solution corresponding to the case of a string in the n-dimensional Einstein's
gravity, while the second term is the contribution from the bulk.




































We see that, in contrast to its four-dimensional equivalent, the spacetime of a string on
a brane is not Ricci at, but the (linearized) intrinsic scalar curvature is still equal to zero
everywhere outside the core.
III. EUCLIDEAN GREEN'S FUNCTION
Euclidean Green's function of a scalar eld in a spacetime of the dimension n is the

































is obtained from the metric under consideration by the Wick rotation.










































































is the Green's function of the Poisson equation in the n-dimensional Euclidean
space.
If we restrict ourselves by the rst-order correction to the Green's function, we can























In the last equation
^
R is the rst-order correction to the intrinsic scalar curvature, and
the explicit form of the linearized metric, obtained in the previous section, was taken into
account.
As it was shown in the previous section, (see (18)),
^
R is equal to zero outside the world
sheet of a string, where it has a Æ-like singularity. Eq.( 19) is ill-dened for such a potential
. The possible way to avoid this problem is to smooth out the singularity [7, 8, 9]. As the
result, one nds that when (at the end of calculations) the regularization of the singularity
is removed, the dependence of the Green's functions on  vanishes. So, this term can be
ruled out of V .



























































coincides with the the expression obtained for the rst-order corrections to the Green's









































is the contribution from the bulk.





































is a dierential operator whose explicit form is determined by the classical ex-
pression for the stress-energy tensor. For a massless scalar eld with arbitrary coupling and


























Substituting the expression for G
E
1
into (27), we obtain, that in our approximation the






























































































































Subsequent calculations can be performed using the method of dimensional regularization
along the same line as in the case of the four-dimensional Einstein's theory. One must
perform the replacement n ! D = n   2 and multiply the regularized vacuum averaged
stress-energy tensor by ()
n D
(  is an arbitrary parameter with the dimension of mass) to





. After the regularization all the integrations in the Eq. (29)
can be performed explicitly. Corresponding calculations can be found in the paper [6]. Using
































































































































In the last expression 
0
is the infrared cuto which must be introduced in the case of



















































As we know, outside the core of the string
^







































































From Eq (38) we can obtain that at large distances, when r k
 1
, the contribution from




















[ln 2 + 3  C   2 ln(r)] ; (39)





















  ln 2 +
8
3
  C   ln(r)

: (40)






contains the -dependent term which appears due to the renor-
malization procedure.
V. CONCLUSIONS
In this paper we consider the vacuum polarization eects outside a straight cosmic string





consists of two parts. The rst term depends on the angular decit only and reproduces the
result obtained previously in the Einstein's gravity. This contribution is uniquely dened
because of the local atness of the cosmic string spacetime in four dimensions. The second
contribution depends on the scale k and arises due to the possibility of gravity to propagate
8in the ve-dimensional bulk. Relative contribution of this term tends to zero as kr !1, but
it becomes signicant at short distances. Another interesting feature is the appearance of an





. From the rst glance the loss of uniqueness
must lead to some problems because the ordinary approach to the back reaction problem





in its right-hand side.
Analogous question was considered in the case of a global monopole in the four-dimensional
Einstein's theory [11], and as in the case of the global monopole, it can be shown that any
variation of  may be absorbed by the coeÆcients before the fourth-order terms appearing
in the left-hand side of the one-loop Einstein's equations.
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